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Scope

The NCBI Conserved Domain Database (CDD) is a protein domain annotation resource, and includes a
collection of ancient protein domains (> -0.5 Billion years old) and hierarchies of domains related by com-
mon descent. Each conserved domain (CD) record consists of a protein multiple sequence alignment, a
consensus sequence, and a PSSM (position-specific score matrix) that quantitatively represents the infor-
mation in the alignment. Whenever possible, 3D structural information is used to define and refine the
alignment models. CDD is supported by an active curation effort that identifies new domains, builds domain
hierarchies, and continually updates existing records with new sequences. In addition to NCBI curated entries, it also
contains entries from Pfam, Smart, Protein Clusters, TIGR, and last release of COG.

Access to CDD data

CDD is part of the NCBI Entrez system and is extensively linked with other NCBI data. CDs can be found by direct text
searching from the CDD homepage. Relevant CDDs present in a protein entry will be linked from that record. PSSMs of
each CD are represented in scoremat format, and these scoremats have been made available for search with a protein
query sequence through a specialized BLAST program called reverse psi-blast (RPS-BLAST). These scoremats are also
available for download from the ftp site so that a selected subset can be used to build custom domain databases for local
RPS-BLAST searches using the standalone BLAST+ package.

Direct text query of the CDD database: https://www.ncbi.nim.nih.gov/cdd/

Indirect query with a sequence using RPS-BLAST:
RPS-BLAST access from BLAST Homepage:
Download of scoremat data files by FTP:

https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cqi
https://blast.ncbi.nlm.nih.gov/
ftp://ftp.ncbi.nim.nih.gov/pub/mmdb/cdd/
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Elements of a CDD Record

A CDD records contains several elements that provide key information for the domain.

e Sequence alignment: Each aligned sequence is matched to a record in Entrez Protein database. If sequenc-
es with structural data (from the PDB database) exist, one of them will be chosen as the mater sequence of the
alignment.

e Consensus sequence: Each position in the consensus sequence contains the residue with the highest fre-
quency in that column of the alignment. For a column to be included in the consensus sequence, at least 50% of the
sequences must have an aligned residue in that column.

e PSSM: For each position in the consensus, frequency ratios (expected/observed) are calculated for each
amino acid, and these frequencies are converted to scores in a PSSM. The PSSM thus has the same number of
columns as the consensus and precisely defines the extent of the domain.

A Sample CDD

Record

In the detailed record view of a
conserved domain record
(shown at the right), the sum-
mary on the domain function Source: cdl2872
and taxonomic distribution (A) Taxonomy: cellular organisms

. . . PubMed: 23 links
is displayed at the top. Click- Protein: Representatives

~

cd12828: TmCorA-like_1

Thermotoga maritima CorA_like subfamily

This subfamily belongs to the Thermotoga maritima CorA (TmCora-amily of the MIT superfamily of essential
membrane proteins involved in transporting divalent cations (uptake or efflux) across membranes.

Members of this subfamily are found in all three kingdoms of life.

https://www.ncbi.nlm.nih.gov/Structure/cdd/cddsrv.cgi?uid=213362
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Feature 1: oligomer interface [polypeptide binding site]
Evidence:
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F
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Feature 1 # ## #Ho# #
2HNZ_A 61 _PT.'.'INZTGIh"tD".l'"-.-'QR‘-,"GEFFgII-:’L\.-'LEDI1"1-'hQRF‘4'-.-'EFFen‘f"-.-'FZ";-'_I{H‘Ft}-'dkn----lheleseQVSLZLtk 136
gi 257178536 26 GTTWIHAPEVT-dAELDATAETFaIHPLTVEDLrn-gWVRAKTETFpeYTFY _I{‘ti‘tlagg-&‘tt"aeels‘ttF‘IGLFVgh 183
gi 353194386 27 GTTWVRVTDPs-eAELDEVADGYdLHHLEIEDV lg-dVRPEVEEFdgHTFVLLKaatlrrgdvatadelrdgQVAFFLEd 104
gi 387611750 61 HNIWIDISGLadiEKITKICSEYnIHPLVIEDLlntrQRPELDIVAdYIF) =I(llq5|:||:n----hls‘_fn‘tEQFCL:qu 136
gl 387156481 &5 GSKWVIITGLantQLINDICEFYgMHPLTTEDRI InthQRPEIESFAdYIYIVIKvilpmed----- egiyseQASIILTk 139
gi 2577973592 56 |.'JNH.'.'IQCIG";"hL'IDA"."LErJ:R(:HFgI"DL."J.LED\J'-N"tEHRP<|_EHFPEI::LFL";"EK'.'.'].S'FI'IEL'I--- --'SlsdIHISL:an 138
gi 88187722 66 GICWVHISGLkdiDKINQILSDAILHPLIAEDV fntkGRAKVEDFEdTLFIILDiilsng------ telgsrKINIITke 139
gi 11e620367 27 YNRWISLTRPe-kQDIDLVVSKFsLHPLVIEDItnprEIPEVDEYagYTFVVTDipeien------esviihKLYIILgk 99
gi 2649321 63 KKLWIDVVGVhdeSLIAKICEFLgIHPLAAEDI IntaQRVKIEDYddHLFLVLKLllyne------- tleidQL5LVLkk 135
gi 282157735 27 CNKWVSMLSPs-pQEFKAVADAFeLHPLVWEDMandkELPEVNEYahYTFLILDvpehdd------- E'FEiSI(L‘r’:'-.-'Igr‘ 98
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A Sample CDD Record (cont.)

Furthermore, the structure thumbnail (A) in the
Feature section links to an annotated Cn3D rec-
ord with residues involved in oligomerization
highlighted (B), where yellow residues (in both
structure and sequence panels) are involved in
interaction with the same set of residues from
adjacent units (in pink) in homopentamer for-
mation. The annotation panel also provides ac-
cess to other annotated features (C). Residues

(Gonserved Features/Sites 7] '

Publled References [7] )
Cl binding site
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Feature 1:

Evidence:
= Structure: 2HMZ: Thermotoga maritime CorAforms a homopentamer in which
each monomer contacts two other monomers, contacts at 4A .

- View structure with Cn3D
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Show Annotations Panell Show References Panell Dismiss

The highlighted multiple sequence alignment at the
end of the record display can be adjusted using the
controls at the top (E). The yellow column highlight
pattern will be updated to reflect selection in the
“Conserved Features/Sites” section (F) at the top.
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Feature 3 # metal binding metal binding Clbinding site periplasmic »
ZHNZ2_A 61 TPTL 'rlITf'-'
S::l 257178536 Feature 3: metal binding site [ion binding site], 3 residue positions
gi 353194386
gi 387611750 Conserved feature residue pattern: [ED] [DE] [DE]
gi 3@7156481 tQLINDICEFYg Evidence:
gi 257797352 dpAVLEGFRKHFgIHPL HLEJN”'»E'F‘F" = Structure: 2IUB: Thermotoga maritime CorA homopentamer binds Mg2+in
gj_ 8818772 H15r|_ diDKINQILSDALILHPLIAEDVEntkGR, metal binding site 2 (M2), contacts at 4A
gi 118620357 = - kQDIDLVVSKF sLHPLVIEDI tnprEIP} - View structure with Cn3D
i 2549821 LgIHPL HHEJIlIT... : = Citation: PMID 16857941
Zi 282157735 MandkEL PKVNEY = Citation: PMID 16902408
= = Citation: PMID 17619822

* Download Cn3D for Viewing 3D Structure Scroll to Sequence Alignment Display
Feature 3

ZHNZ_A 137

gi 257178536 184 ¢ VE

gi 353194386 1@5 /g DYYGILDEIED

gi 3e761175@ 137 k SGKYNLSSIYQRLN FMNFVETSAQLL ‘T 216
gi 387156421 149 dTIITFLENDdRIFEPLIRRLE DEYFEIFEIIGERLE RI D ‘5 219
gi 257797392 131 d”LL_:Q:GGPBI:TDLHAR_a“; SYFSLMETLGQHIEDI dIRLTLQN 21@
gl 88187722 148 k = DTYFFGLERIEDLSEKLEER dITIEIQS 218
gi 118628367 100 AYTLLDHATOHFYPVLDRLEDLIEEIEDE eLLSKMAD 178
gi 2649821 136 GRMRE LAGDY LAY VWDSYFEALLKISDEIEVLEDE TLIGKIHS 213
gi 282157735 99 dFLISLTC NU DVLRAVDATLNskdDPIQKHGIDY LAYALIDRSVDRFYPILDDLEDLYSDY eIIGTISE 177
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Related Software Tools

A set of tools are available for working with CDD related data.

e CDTree: analyzes sequence alignments, constructs phylogenetic trees, and CD hierarchies; reads/writes
CDs.

e Cn3D 4.3: renders and aligns structures; creates and edits sequence alignments; reads/writes CDs; reads
mFASTA, writes gapped FASTA, and PSSMs as NCBI scoremats.

o makeprofiledb : command-line utilities (part of the BLAST package) that converts scoremats into a rpsblast
database.

e psiblast: command-line program that creates PSSMs iteratively from proteins that are sequence-similar to a query
protein; writes frequency scoremats only; can initiate a search with a frequency scoremat.

o fa2cd.exe : acommand line utilities that converts gapped FASTA into a cd file readable by CD Tree and
Cn3D.

o rpsblast: searches a input protein query against a CDD database generated by makeprofiledb to identify do-
mains present in the query. Both standalone version (as part of the blast+ package) and a web service are available.
All protein BLAST searches with have rpsblast searches performed simultaneously.

o Batch-cd search: aweb service that takes a set of protein sequences and performs CDD searches with
rpsblast.

CDD Summary and Annotation

Files Available by FTP .
. . . Unit of
Extensive data files are available from the cdd molecular
ftp site. Representative entries or directories function
are ||Sted beIOW. @cdo2156  nt_trans

&) cd00802  class_I_aaR$_core

cd00395  Tyr_Trp_RS_core
cd00805  TyrRS_core
cd00806  TrpRS_core
cd00418  GlxRS_core
cd00807  GLnRS_core
cd00808  GluRS_core
cd09287  GLuRS_non_core
cd00668  Ile_Leu_Val_HetRS_core
cd00812  LeuRS_core
cd00814  HetRS_core
cd00817  ValRS_core
cd00818  TleRS_core
e

HC)cd0oB?2  CysRS_core
L@ cdo06?4  LysRS_core_class I
L@ cd02039  cytidylyltransferase_like
H@cdoos17  ATPS
A r RS (@ cdooSE0  PanC
g @) cd02064  FAD_sunthetase N
@ cdo2163  PPAT
C o re HO)cd02164  PPAT_CoRS
H()cd02165  HHNAT
H@)cdo2166  HHHAT_Archaca

HO)cd02167  NHHAT_NadR
HD)cdo2168  HHHAT_Nudix

e Full CDs (acd.tar.gz): these files,
with .acd file extension, contain all data for
each CD record. These files can be read
and written by both Cn3D and CDTree.

e CD scoremates (cdd.tar.gz): these files
are ASN.1 representation of the PSSMs
containing only final scores, and can be
used as input to formatrpsdb. They cannot
be used to initiate a PSI-BLAST search.

e FASTA alignment (fasta.tar.gz): each of
these files contains the entire CD align-
ment, including the consensus sequence,
in gapped FASTA format. These files are
suitable for importing CD alignments into

sequence analysis software. o moleestar [ S
° CD Summaries (cddid.tbl.gz): this file structure evolution Z:E;;: ﬁ::i:udulumansrerase
contains the PSSM-id, CD accession, title, NP_002878 nucleotidyl transfer- cdizi7a  EET
T h RARS - domai .
description and PSSM length (number of (human RARS) PO COMANS | peamone et _Eukarse

columns) of each CD.
e Curated Annotations (cddannot.dat.gz): this file is an index of all annotations present on NCBI curated CDs.
o Master sequences (cddmasters.fa.gz): this file contains the master sequence of each CD in FASTA format.
e CDD versions (cdd.versions): this file contains accessions, PSSM-ids, names, and created dates of all current
and previous versions of CDD records.
o Preformatted CDD database (big_endian and little_endian): these directories contain preformatted database
files for use with rpsblast in a local installation.
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